Abstract. Recently measured energy dependences of fission cross sections of lead isotopes 204,[206][207][208] Pb at incident nucleon energies up to 180 MeV were analyzed. Regularities were established of the fission cross-section variation with the mass number of isotopes pointing to incomplete dumping of shell effects even at nucleon energies 150-180 MeV. The fission cross sections of lead isotopes, assumed as spherical nuclei, are compared with those of deformed nuclei. The experimental data are compared with calculations by the code TALYS.
INTRODUCTION
Pb is the only nucleus among the stable heavy nuclei that has closed proton and neutron shells (Z=82, A=126). The microscopic (shell) correction to its binding energy is about 14 MeV and approximately equal to the macroscopic contribution to the fission barrier. For better understanding of the behaviour of shell effects with increasing excitation energy, an interesting comparison is made of the variation of the fission cross section of this nuclide and its lighter isotopes having lower barriers. The fission barriers, B f , fall with the decrease of atomic mass, A, due to the decrease of the shell corrections; thus ∆B f for 208 Pb and 204 Pb is about 3 MeV. Such a comparison is carried out for the first time, and it has become possible due to the measurements of protonand neutron-induced fission cross sections for separated lead isotopes (and neighbouring nuclei) in the intermediate energy region in the work [1] .
The problem of the role of nuclear deformation (the sphericity of nuclei having closed shells) in the competition between fission and neutron emissionthe possibility that the stabilizing influence of a high barrier is compensated by destabilizing effects due to the low collective enhancement of the level density of spherical nuclei -was recently raised in connection with the determination of the fission cross sections of Ra isotopes (near N=126) [2] . This issue is investigated by a comparison of the fission cross sections of lead isotopes with the ones of deformed nuclei.
The experimental data are compared with calculations performed by the code TALYS [3] .
RELATIVE NEUTRON-INDUCED FISSION CROSS-SECTIONS OF LEAD ISOTOPES NEAR THE UPPER BOUNDARY OF THE ENERGY REGION
In Fig. 1 , experimental data on neutron-and protoninduced fission cross sections relative to those of 209 Bi are presented for lead isotopes [1] . It is seen from the figure that in the high-energy region, the ratios for all isotopes reach a plateau for both neutrons (2a) and protons (2b Pb, with corresponding errors of about 5%. The values of the (p,f) cross-section ratio at the plateau are 0.47, 0.52, 0.64, and 1.06 for the same isotopes with errors of about 10%. It is not hard to find from these data that at high energies, fission cross sections of the isotopes can be connected by the following relation:
where the coefficient q is equal to 1.30±0.07 for neutrons and 1.25±0.13 for protons, and x is equal to 2, 3, and 4 for 206 Pb, 207 Pb, and 208 Pb, respectively. -1) is equal to 0.38 for neutrons and 0.30 for protons. These values are smaller than the differences between the fission barriers of neighbouring nuclei, amounting to about 0.75 MeV, as was pointed out above. However, at present, in view of the uncertainty of the calculations, it is difficult to conclude to what degree the ratio of the barriers is connected with the change of the structure of the fissioning nuclei (the difference from magic or double magic target nuclei) or with the increase of the excitation energy. At the same time, the obtained value of ∆B f /∆A seems to be larger than expected from the liquid drop model. Possibly, it gives evidence for a larger stability (i.e., for a lower value of the coefficient of the damping of shell effects) of nuclei having large microscopic corrections.
COMPARISON OF THE FISSION CROSS-SECTION OF THE LEAD ISOTOPES AND DEFORMED NUCLEI
To study incomplete damping of shell effects at energies higher than several tens of MeV, dependences of the (n,f) cross section for nuclei from 181 Ta to 238 U on the parameter Z 2 /A for neutron energies >60 MeV have been plotted (there are no experimental data on the (n,f) cross sections for nuclei lighter than gold for lower energies). These dependences are shown in Fig. 3 . It is seen that at a neutron energy of 60 MeV, the fission cross sections of the lead isotopes lie slightly lower than the common straight dependence, and the difference becomes stronger towards Th and 238 U (at the right), one should keep in mind the difference in the shape of the basic states of the nuclei -the spherical shape of the lead isotopes and neighbouring nuclei, having closed or almost closed shells, and the deformation of lighter and heavier nuclei, which influences the channel of neutron emission, which is competing with the fission channel. Recently this was shown in [2] , where the cross sections of radium isotopes were measured. In this work no indications of the expected decrease of the cross sections near N=126 were found, though the excitation energy exceeded the barrier by a few MeV. It was concluded that a stabilizing influence, resulting from the higher fission barrier, seems to be compensated, or even over-compensated, by the destabilizing effect of the lower collective enhancement in the spherical ground-state shape.
CONCLUSION
From the comparison of the (n,f) and (p,f) cross sections of the lead isotopes with A = 208, 207, 206, and 204 at incident nucleon energies of about 150-180 MeV, a conclusion has been made about a possible incomplete damping of shell effects at average excitation energy of fissioning nuclei in the lead region at about 80 MeV, corresponding to the aforementioned energy of incident neutrons. In connection with this, it is noted that the absence of an expected large discrepancy between the behaviour of the cross sections of the lead isotopes and their neighbouring nuclei, in comparison with lighter and heavier nuclei, can be caused by the influence of the extent of shell filling on the shape of the nucleus in the ground state.
